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differentiation of microenvironmental cells such as mesenchy-
mal stem cells. This ultimately leads to increased risk of leuke-
mia (130). BPA induces the differentiation of mesenchymal stem 
cells into the adipogenic lineage (131). This is of particular inter-
est, as previously discussed; BPA likely accumulates in adipose 
tissue through time, thus contributing to conditions that favor 
cancer emergence and progression. Indeed, hormonal disrup-
tors (BPA/bisphenol S) alter the secretion of BMPs that leads to 
the initiation of the transformation process by affecting mam-
mary stem cells in the presence of IL-6 (127).

Some chemicals may disturb major functions involved in tis-
sue homeostasis, leading to cancer initiation, immune evasion,
angiogenesis and tumor dissemination. This results from the 
environment perturbation through induction of soluble factors 
(TGF, BMPs and IL-6) and modifcation of tissue integrity (stro-
mal cell content, matrix remodeling) (Figure 2).

Metabolic perturbators and the tumor 
microenvironment
Metabolic disorders are associated with an altered risk for 
developing malignancies. In particular, subjects with type 2 dia-
betes mellitus are at increased risk of a wide range of malignan-
cies, including breast, endometrial, bladder, kidney, colorectal,
pancreatic and liver cancer, as well as hematologic malignan-

premalignant lesions since they frequently express high levels 
of insulin receptor. Insulin may also act as a mitogen by acti-
vating the IGF-1 receptor (135). Excessive insulin decreases the 
IGF-1 binding protein production by the liver, which increases 
the availability of free IGF-1, and thus stimulates its mitogenic 
and antiapoptotic activity (136).Thus, treatment of diabetic sub-
jects with exogenously added insulin and related compounds 
harbors potential risk of promoting cancer. Consequently, the 
use of insulin may contribute to effects of other disrupting 
chemicals in the tumor microenvironment, and there may be 
synergy between insulin and these chemical mixtures.

A vast array of antidiabetic drugs have been developed, includ-
ing biguanides, sulfonylureas, meglitinides, α-glucosidase inhibi-
tors, insulin and its analogs, thiazolidinediones, gliptins, analogs 
of amylin and analogs of glucagon-like peptides. Biguanides are 
insulin sensitizers that were frst discovered in 1920s, when guani-
dine compounds were isolated from Galega offcinalis  (Fabaceae).
Metformin (N,N-dimethylbiguanide) is currently the most widely 
prescribed drug to treat hyperglycemia in type 2 diabetics and is 
recommended as a frst-line oral therapy by the American Diabetes 
Association and European Association of the Study of Diabetes 
(137). Current evidence suggests its role as an insulin sensitizer 
(since it facilitates insulin receptor expression and activity), modu-
lator of the incretin axis (via peroxisome proliferator-activated 
receptor-α or glucagon-like peptide 1) and inhibitor of hepatic 
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cies such as non-Hodgkin’s lymphoma (132), whereas the risk 
of prostate cancer is reduced (133). The mechanisms underly-
ing connection of these two largely heterogeneous and chronic 
disease states are incompletely understood. Hyperinsulinemia 
and enhanced insulin-like growth factor-1 (IGF-1) activation 
are among the most likely causal links (134). Insulin resistance 
and subsequent hyperinsulinemia in type 2 diabetic subjects 
may promote proliferation and survival of cancer cells and 

gluconeogenesis (138), thus potentially implicating metformin in 
xenobiotic metabolism.A case–control study with a cohort of 12000 
type 2 diabetes subjects (139) revealed that metformin therapy is 
associated with a reduced risk of cancer (odds ratio 0.79), whereas 
the prolonged metformin therapy further increased the inhibitory 
effects on cancer incidence. Similar effects were observed with a 
wide range of cancer types, while only a few studies suggested that 
metformin does not affect cancer incidence (Table 1). 

Figure 2. Environmental pollutant target resident cells and their local environment thus affecting key parameters of tissue homeostasis. Environmental pollutants tar-
get tissue resident cells, thus changing their intrinsic properties, and also affect their environment, in particular changing soluble factors available. All these events can 
lead to modifcations of tissue homeostasis and emergence of cancer. During our lifetime, we can be exposed to different types of carcinogens at different times and the 
consequences of combinatorial exposure remain poorly deciphered. Environmental pollutant seems to induce both short- and long-term effects, which together with 
our own history (aging, genetic predisposition and/or cancer history) creates a context that may promote the development of cancer, long after the initial parameters. 
All these complex and person-dependent parameters raise challenging issues for public health to overcome cancer induced by carcinogens. 

http:http://carcin.oxfordjournals.org
http:http://carcin.oxfordjournals.org
mailto:bissonw@science.oregonstate.edu
mailto:dfelsher@stanford.edu
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a b s t r a c t

Cancer arises in the context of an in vivo tumor microenvironment. This microenvironment is both a
cause and consequence of tumorigenesis. Tumor and host cells co-evolve dynamically through indirect
and direct cellular interactions, eliciting multiscale effects on many biological programs, including cellu-
lar proliferation, growth, and metabolism, as well as angiogenesis and hypoxia and innate and adaptive
immunity. Here we highlight specific biological processes that could be exploited as targets for the pre-
vention and therapy of cancer. Specifically, we describe how inhibition of targets such as cholesterol
synthesis and metabolites, reactive oxygen species and hypoxia, macrophage activation and conversion,
indoleamine 2,3-dioxygenase regulation of dendritic cells, vascular endothelial growth factor regula-
tion of angiogenesis, fibrosis inhibition, endoglin, and Janus kinase signaling emerge as examples of
important potential nexuses in the regulation of tumorigenesis and the tumor microenvironment that can
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